Infrared absorption spectra of four (ethylbenzoyl acetate) [EBA] complexes of trivalent sama rium of the general formula X pSm(EBA)g [X = isopropoxy or i-butoxy group; when p = l, q-2 and vice versa] have been studied in the region 4000 -250 cm-1 for the first time. About twenty five bands in each complex have been observed and assigned to different modes of vibration. The separation between asymmetric and symmetric CO stretching vibrations indicates that the bonding in all the complexes is nearly the same. The spectra show that the interaction between the two ligand rings is small in five coordinated metal complexes.
Rare earth complexes are gaining importance as laser materials due to the laser action observed 1 in some of them. It is only recently that the spectral and structural studies of these complexes have been started 2~9. In an earlier paper 4 the infrared spectra of some (ethyl-1 methyl acetoacetate) complexes of samarium were investigated. The present com munication reports, for the first time, the infrared absorption spectra of four-and five coordinated diketo-ester complexes of trivalent samarium with (ethylbenzoyl acetate) as the ligand, viz., samarium di-isopropoxy mono (ethylbenzoyl acetate)
(1), samarium monoisopropoxy di (ethylbenzoyl acetate) (2) , samarium di-tertiary butoxy mono (ethyl benzoyl acetate) (3) and samarium monotertiary butoxy di (ethylbenzoyl acetate) (4) . The results have been discussed and an attempt has been made to probe into the nature of metal-oxygen bonding in these complexes. The present infrared study would be helpful for the interpretation of the vibronic contribution to the electronic spectra of these complexes.
Experimental and Results
The solid state infrared spectra of all the complexes in the region 4000 -250 cm-1 were recorded on a Perkin-Elmer model-521 double-grating spectrophoto meter in KBr phase at 25 cC.
All the complexes were prepared by reacting the respective alkoxide with anhydrous ligand. The alkoxides were prepared using the methods of M is r a et al. 10 . Reagents of spectrograde were used in the preparation of the complexes. 
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Discussion
The spectra of all the four complexes resemble each other very closely. The assignments have been made in the light of theoretically calculated 5 > 11 dif ferent modes of vibration which have been discussed below:
Carbonyl Group Vibrations
Since there are four equivalent bonds in each complex, viz., two CO bonds and two CC bonds, four stretching modes of vibration including these are expected to appear. The two C -0 stretching fre quencies should be close to each other since the two CO bonds are separated, and interaction between the two stretching coordinates is fairly small, whereas the two C -C stretching frequencies should be far apart because the two CC bonds are close to each other and interact strongly. Consequently, the bands near 1600, 1500, 1450 and 1260 cm-1 may be as signed 4 to asymmetric C -O stretching, asymmetric C -C stretching, symmetric C -0 stretching and sym metric C -C stretching modes of vibration respec tively. The position of these frequencies depends upon the masses of the groups attached to the car bonyl groups at the ends of the ligand molecule.
The asymmetric and symmetric CO stretching modes in the case of samarium acetate have been found 8 at 1550 and 1420 cm-1 respectively. But in the present case of (ethylbenzoyl acetate) complexes, these frequencies are shifted to higher wave num bers. The separation between the asymmetric and symmetric CO stretching frequencies may be taken 12 as an indication of the nature of the coordination in the complexes. It can be seen that the separations {Av) in complexes 1 -4 are 138, 140, 137, and 160 cm-1 respectively. These separations are larger than Av in samarium acetate. It is expected that as the metal-oxygen bond becomes stronger, two CO I I K. bonds become uneven, and the separation of the two CO stretching frequencies may increase. Since Av in all the complexes does not vary much with each other, it appears likely that the bonding in all these cases is nearly the same. However, the relatively high Av value in 4 indicates the slightly stronger metal-oxygen bonding in it. Thus the metal-oxygen bonding in the complexes under study increases in the order: acetate< 1 ä; 3< 2< 4 .
The values of metal-oxygen stretching force constant, K, of the complexes 1 and 3 also indicate that the bonding in these two complexes is nearly the same 13.
Phenyl and Alkyl Groups Vibrations
The bands due to the presence of phenyl group may be assigned by comparing the spectra with those of benzene and substituted benzenes.
The in-plane C -H bending vibrations in benzene are derived14 from a?g (1340 cm-1), e= > g (1178 cm-1), 62« (1152 cm-1), and e\ u (1037 cm-1) modes. The corresponding frequencies are found to remain unchanged in mono substituted benzenes. Consequently the bands between 1185 and 1030 cm-1 may be assigned to C -H in-plane bending of the ring.
The C -H out-of-plane bending vibrations in sub stituted benzenes are derived14 from b*g (995 cm-1). e\ g (975 cm-1), e\ g (850 cm-1), and e^u (673 cm-1) modes in benzene. These modes give rise to weak infrared and Raman bands. In view of this, the bands between 1020 and 605 cm-1 have been as signed to C -H bending out-of-plane vibrations of the ring.
A band near 770 cm-1 in all the complexes indi cates the presence of five adjacent hydrogen atoms vibrating in phase and out of plane of the ring. The band near 500 cm-1 shows the presence of mono substitution in the benzene ring.
The presence of alkyl groups can have charac teristic asymmetric and symmetric stretching and bending modes of vibration. The bands near 3150 and 2950 cm-1 may be assigned4 to asymmetric and symmetric CH3 stretching vibrations respec-13 S . P. T a n d o n and P. C. M e t h a (to be published). 14 S . P. T a n d o n , M . P. B h u t r a , P. C. M e h t a , and J. P. tively. The asymmetric and symmetric CH3 defor mation vibrations appear at 1470 and 1380 cm-1 respectively. The isopropoxy and f-butoxy groups absorb near 1020 and 930 cm-1 respectively. The strong band near 1260 cm-1 may also be assigned to CH2 deformation of the ethyl group.
Sm -0 Stretching Bands
The bands below 700 cm-1 are generally ascribed to metal-oxygen stretching modes, the number of which depends upon the coordination number of the metal. Among the three metal-oxygen sensitive regions4, two bands near 635 and 350cm -1 in the four coordinated complexes and three bands near 635, 410 and 370 cm-1 in the case of five co ordinated complexes have been assigned to Sm -0 stretching mode of vibration.
It is observed that the vibrational frequencies, with few exceptions, are nearly independent of the coordination number of the metal. The carbonyl and Sm -0 stretching frequencies shift to slightly higher wave numbers as the coordination number increases from four to five.
The fact that the Sm -0 stretching bands shift only slightly with the coordination number of the metal indicates that the vibrational interactions be tween the two ligand rings through Sm -O bonds in complexes 2 and 4 is small. From the present study it may be generalised that in the region above 700 cm-1 the spetra are independent of the number of ligands attached to the metal, whereas in the region below 700 cm-1 they depend on it. The number of metal-oxygen bands depends on the coordination number of the metal.
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